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S/N: 10/687,083 Atty Dkt No. TRPI0103PUSP 

Reply to Office Action of February 24, 2006 



Remarks 



This Application has been carefully reviewed in light of the Office Action 
mailed February 24, 2006. In the Office Action, claims 1-1 1 , 13, 14 and 26-30 were rejected. 
By this paper. Applicant has amended claims 1,3, 5-8, 10, 11,14 and 26-30 and has cancelled 
claims 2 and 4 to clarify the subject matter in which the Applicant claims as its invention and 
to advance prosecution of this case. No new matter has been introduced by this Amendment. 
Applicant does not admit that the Amendment was necessary as the result of any cited art or 
Examiner objections or rejections. Applicant respectfully requests reconsideration of the 
above-identified application in view of the following remarks. 

Claims 1-11, 13, 14 and 26 were rejected as being unpatentable over Schneider 
(U.S. Patent No. 3,415,364) in view of Helsemans et al. (U.S. Patent No. 5,418,261) and 
Rosthauser (U.S. Patent No. 6,224,800 Bl). 

According to the Examiner, Schneider discloses a protective packaging for 
protecting an article comprised of a polyurethane foam structure conforming to a portion of 
the article for protecting the article. The Examiner admits that Schneider fails to disclose a 
foam comprising a shape memory foam which is crosslinked. The Examiner attempts to cure 
this defect by combining the Helsemans et al. teachings with the Schneider teachings. The 
Examiner opines that Helsemans et al. discloses a polyurethane foam for packaging which is 
a shape memory foam and which is crosslinked for the purpose of obtaining lightweight 
packaging. The Examiner combines the reference based on the motivation that one of ordinary 
skill in the art would have recognized the advantage of providing for the polyurethane foam 
of Helsemans et al. in Schneider, which comprises packaging, depending on the desired 
lightweightness of the end product. The Examiner admits that Helsemans et al. does not 
disclose a hydrophobic foam. The Examiner attempts to cure this defect by combining the 
Rosthauser teachings with the combined teachings of Helsemans et al. and Schneider. 
According to the Examiner, Rosthauser teaches that isocyanates comprising diphenylmethane 
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diisocyanate are hydrophobic, and such isocyanates are disclosed by Helsemans et al. , and 
therefore, the Helsemans et al. foam is at least partially hydrophobic. 

Applicant respectfully traverses this rejection because the proposed combination, 
assuming that the references are properly combinable, does not teach, disclose, or suggest the 
claimed invention. Moreover, the Examiner has not and cannot show the requisite motivation 
to combine the references. 

For instance, the proposed combination does not teach, disclose or suggest a 
hydrophobic , polyurethane SMF structure with the shape memory characteristic, as recited in 
claims 1, 3, 5-11, 13, 14 and 26. Helsemans et al. discloses hydrophilic foams . Helsemans 
et al. discloses a polyurethane crosslinked shape memory foam based on polyisocyanate and 
polyols, wherein the polyols have hydroxyl functionality from 2.2 to 6 and with average 
oxyethylene content of at least 86% by weight, (col. 5, 11. 47-49.) Polyurethane shape memory 
foams according to the Helsemans et al. invention are hydrophilic due to the polyol 
composition requiring an average oxyethylene content of at least 86% by weight. 

The following references* support that polyurethanes, prepared from isocyanates 
and polyols, based on polyols with oxyethylene content are hydrophilic . Saunders and Frisch 
reported that polyurethane sponges can be manufactured using ethylene oxide modified 
poly ethers and polyoxyethylene polyols (glycols), which are also described as polyethylene 
glycols . “ Greater water absorption can be obtained by including a more hydrophilic hydroxyl 
component in the formulation, such as ethylene oxide modified polyethers. ”(J.H. Saunders and 
K.C. Frisch, “Polyurethanes Chemistry and Technology, Part II,” Interscience Publishers, 
John Wiley «fe Sons, New York, 1964, pp. 173 and 182). The hydrophilic character of 
polyethylene glycols is also recorded by Gunter Oertel. (Oertel, Gunter, Polyurethane 
Handbook, Hanser Publishers, New York, 1985, p. 44). 



’ The references cited in this response are attached as an Exhibit so that the Examiner 
can refer to the references while considering the Applicant’s remarks. 
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Moreover, Lamba et al. provides that “ [p]olyethylene oxide-based materials 
swell in water due to the hydrophilic nature of the soft segment.” (Lamba et al., 
“Polyurethanes in Biomedical Applications,” CRC Press, New York, 1998, p. 15). In 
polyurethane chemistry, soft segments are comprised of polyols. Therefore, according to 
Lamba et al., it is the polyol that controls the water affinity of polyurethanes, not the 
isocyanate. Frisch provides that poly(oxyethylene) glycols (PEGs) are used for the production 
of hydrophilic urethane polymers, including foams. Frisch reports that if hydrophobic 
properties of urethane applications are desirable, propylene oxide is often used alone in 
synthesis of polyoxyalkylene polyols or in combination with ethylene oxide, generally less than 
15% of ethylene oxide. (Frisch, “High-Performance Polyurethanes” in “Macromolecular 
Design of Polymeric Materials, ” Editors Hatada et al. , Marcel Dekker, Inc. , New York, 1997, 
p. 529 ). Therefore, the foams provided by Helsamans et al. , which have a polyol content that 
is on average at least 86% oxyethylene, are hydrophilic . Conversely, Applicant’s claimed 
invention is drawn to polyurethane shape memory foams that are hydrophobic . The 
hydrophobic nature of the Applicant’s claimed foams allow them to be used in many 
applications where hydrophilic foams are unsuitable. 

The Rosthauser reference does not cure the defects in the teachings of the 
proposed combination of Helsemans et al. and Schneider. Rosthauser teaches that 
diphenylmethane diisocyanates as a binder can be added to produce polvureas - not 
polyurethanes , (col. 2, 11. 61-62). Applicant’s claims recite a polyurethane SMF structure. 
Not only does the proposed combination including Rosthauser fail to teach, disclose or suggest 
the claimed invention, but it is also inappropriate to combine Rosthauser with Helsemans et 
al. and Schneider because Rosthauser is directed at a completely different class of materials, 
i.e. polvureas . than the Helsemans et al. and Schneider references, which are directed at 
polyurethanes . 



Rosthauser provides that “the binder may be a hydrophobic isocyanate such as 
any of the polymeric diphenylmethane diisocyanates” (col. 2, 11. 61-62). Rosthauser also 
discloses that “the catalyst is included to ensure that the isocyanate/ water reaction is not slowed 
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to such an extent that the pressing time necessary to produce the molding product is 
significantly increased.” (col. 2, 11. 66-67, and col. 3, 11. 1-2). The reaction of isocyanate 
binder with water results in a polyurea. Therefore, Rosthauser describes formation of a 
polyurea, which is a different class of materials than polyurethanes described by Helsemans 
et al. and Schneider. For at least this reason, the requisite motivation does not exist to 
combine the Rosthauser reference with the Helsemans et al. and Schneider references. 

Moreover, polyureas formed in the reaction described by Rosthauser do not 
contain any polyol segments (also known as soft segments), which controls the properties of 
polyurethane and polyurethane foams and their affinity towards water, as supported by the 
above-identified references cited by the Applicant. As an example, Lamba et. al. states that 
“polyethylene oxide-based materials swell in water due to the hydrophilic nature of the soft 
segments.” (p. 15). Lamba et al. also provides that the nature of the polyol affects other 
properties of polyurethanes, such as the environmental (hydrolytic) stability of the 
polyurethanes: “[p]olyalkyl glycols offer an alternative to the relatively less stable polyether 
and polyester polyurethanes. Hydrogenated polybutadiene polyisobutylene-based 
polyurethanes show excellent resistance to light and thermal degradation and hydrolysis. ” Id. 
“Polypropylene oxide-based polyurethanes offer greater hydrolytic resistance. ” Id. Therefore, 
the properties of polyurethane are determined by the nature of the polyol, i.e. soft segment, 
not the isocyanate, and thereby polyurethane shape-memory foams described by Helsemans et 
al. will be hydrophilic due to the nature of the polyols that required greater than 86% by 
weight content of oxyalkylene segments. 

For at least the reasons set forth above, claims 1, 3, 5-11, 13, 14 and 26 are 
patentable over the proposed combination and the other art of record. 

Claims 27 and 28 were rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Schneider in view of Helsemans et al. , and further in view of Hayashi et al. (U.S. Patent 
No. 5,049,591). The Examiner admits that Schneider, Helsemans et al. and Rosthauser fail 
to disclose a shape-memory foam based on an aromatic polyester polyol reacted with an 
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isocyanate. The Examiner attempts to cure this defect by combining the teachings of Hayashi 
etal. with the teachings of 5c/ine/rfer, Helsemans et al. and Rosthauser. Applicant respectfully 
traverses this rejection because the proposed combination, assuming that the references are 
properly combinable, does not teach, disclose, or suggest the claimed invention. 

For instance, the proposed combination does not teach, disclose or suggest a 
crosslinked SMF structure based on aromatic polyester polvols . as recited in pending claims 
27 and 28. The Examiner admits that Schneider, Helsemans et al. and Rosthauser fail to 
disclose a shape-memory foam based on an aromatic polyester polyol reacted with an 
isocyanate. Hayashi et al. fails to cure this defect. Further, pending claims 27 and 28 recited 
a crosslinked SMF, which is not taught, disclosed or suggested by Hayashi et al. Hayashi et 
al. provides a shape-memory foam composed of a difixctional diisocyanate, a difuctional 
polyol, and a difimctional chain extender containing active hydrogen (col. 2, 11. 22-26). The 
difimctional nature of all components used in preparation of the shape-memory foams ensure 
that the resulting structure is thermoplastic, without any crosslinks . To support preparation 
of a thermoplastic foam, Hayashi et al. show that the difimctional polyols are represented by 
the general formula OH-R’-OH (col. 2, 11. 60-63). Furthermore, to ensure that no 
crosslinking has occurred, Hayashi et al. states “[t]he polyurethane foam is made up of 
polymer chains having substantially no excess isocyanate groups at their terminals and hence 
contains no allophonate links which form rigid crosslinks.” (col. 2, 11. 34-39). Furthermore, 
Hayashi et al. states that “this means that the polyurethane foam is a thermoplastic chain 
polymer which can be processed upon heating. ” (col. 2, 11. 34-39). Crosslinked polyurethanes 
can not be processed upon heating. The teachings of Hayashi et al. are limited to a 
thermoplastic structure. Contrarily, claims 27 and 28 recite a crosslinked SMF composition 
based on aromatic polyester polvols . For at least this reason, claims 27 and 28 are patentable 
over the proposed combination and the other art of record. 

Claims 29 and 30 are further rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Schneider in view of Helsemens et al. and Rosthauser, and further in view 
of Chaffanjon et al. (U.S. Patent No. 5,594,097). The Examiner admits that Schneider, 



- 11 - 




S/N: 10/687,083 

Reply to Office Action of February 24, 2006 



AttyDktNo. TRPI 0103 PUSP 



Helsemans et al. and Rosthauser fail to disclose a shape-memory foam based on polycarbonate 
polyol reacted with an isocyanate. The Examiner attempts to cure this defect by combining 
the teachings of Chqffanjon et al. with the teachings of Schneider, Helsemans et al. and 
Rosthauser. Applicant respectfully traverses this rejection because the proposed combination, 
assuming that they are properly combinable, does not teach, disclose, or suggest the claimed 
invention. Moreover, the Examiner has not and cannot show the requisite motivation to 
combine the references. 

For instance, the proposed combination does not teach, disclose or suggest a 
SMF composition having a shape memory characteristic based on polycarbonate polyols, as 
recited in claims 29 and 30. Chaffanjon et al. provides a polyol and a process for preparing 
a flexible polyurethane foam, from a specific class of polyols (col. 1 , 11. 10-12). Chaffanjon 
et al. provides that flexible polyurethane foams refers to cellular product which exhibits 
substantial shape recovery after deformation (col. 3, 11. 13-15). Chaffanjon et al. does not 
teach or suggest the claimed shape memory characteristic , i.e. that the foam can be compressed 
and when cooled below the Tg, that retains the compressed shape without any aid from an 
outside force, and that regains substantially its original shape after heating to above the Tg. 
Contrarily, claims 29 and 30 recite a SMF composition having a shape memory characteristic 
based on polycarbonate polyols. For at least this reason, claims 29 and 30 are patentable over 
the proposed combination and the other art of record. 

Furthermore, the Examiner has not shown and cannot show the requisite 
motivation to combine the teachings of Chaffanjon et al. with the teachings of Schneider, 
Helsemans et al. and Rosthauser. Chaffanjon et al. states “ [s]uprisingly it has been found that 
by using a special polyol under special conditions the processing and the properties of flexible 
polyurethane foams may be further improved.” (col. 1, 11. 16-19). The specific class of 
polyols according to the Chaffanjon et al. are “also polyhydroxyl derivatives modified by 
vinylpolymerisation, such as for example obtained by polymerizing styrene and acrylonitrile 
in the presence of poly ether polyols or polycarbonate polyols. ” (col. 5, 11. 44-47). Therefore, 
only in the preparation of this special class of polyols, polyether polyols and polycarbonate 
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polyols may be interchangeable. The basis of the Examiner’s motivation that Chajfanjon et 
al. teaches the interchangeable use of any poly ether polyol and polycarbonate polyol is flawed. 
For at least this reason, claims 29 and 30 are patentable over the proposed combination and 
the other art of record. 

Further, the Examiner has not shown and cannot show the requisite motivation 
to combine the teachings of Rosthauser with the teachings of Schneider, Helsemans et al. and 
Chaffanjon et al. Moreover, Rosthauser does not teach the claimed subject matter lacking 
from Schneider, Helsemans et al. and Chaffanjon et al. Rosthauser teaches that 
diphenylmethane diisocyanates as a binder can be added to produce nolvureas - not 
polyurethanes , (col. 2, 11. 61-62). Applicant’s claims 29 and 30 recite a SMF structure 
produced by reacting an isocyanate and a polycarbonate polyol, i.e. a polyurethane. Not only 
does the proposed combination including Rosthauser fail to teach, disclose or suggest the 
claimed invention, but it is also inappropriate to combine Rosthauser with Helsemans et al. and 
Schneider because Rosthauser is directed at a completely different class of materials, i.e. 
nolvureas . than the Helsemans et al. and Schneider references, which are directed at 
polyurethanes . 
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CONCLUSION 

The present amendments were not earlier presented because the amendments and 
remarks submitted with the prior amendment addressed all stated rejections in the Office 
Action. The present amendments and remarks are directed at further illustrating the 
patentability of the Applicant’s claimed SMF structures. The Examiner has already conducted 
a search on these concepts since it was recited in the original claims. Therefore, the present 
claims do not raise any new issues for search or consideration and do not require any further 
searching by the Examiner. As such. Applicant submits that the amendment is appropriate for 
entry, and that the claims are in a condition for allowance, which action is respectfully 
requested. 



No additional fee is believed to be due as the result of the filing of this paper. 
However, any additional fees or credits should be applied to Deposit Account 02-3978. A 
duplicate of this paper is enclosed for that purpose. 



If the Examiner feels that a telephone conference would advance prosecution of 
this Application in any manner, the Examiner is invited to contact Matthew M. Jakubowski, 
Attorney for Applicant, at Examiner’s convenience at (248) 358-4400. 



Date: April 17. 2006 

BROOKS KUSHMAN P.C. 
1000 Town Center, 22nd Floor 
Southfield, MI 48075-1238 
Phone: 248-358-4400 
Fax: 248-358-3351 



Respectfully submitted, 
VAHID SENDIJAREVIC 



By_ 






Matthew M. Jakubowski 
Reg. No. 44,801 
Attorney for Applicant 
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point. The two most commonly used isocyanates in polyurethane synthesis are toluene diisocyanate 
(TDI) and methylene bis (p-phenyl isocyanate) or 4,4'-diphenylmethane diisocyanate (MDI). TDI 
is less expensive than MDI. but MDI has superior reactivity, and polymers based on MDI may 
possess better physical properties. TDI is usually prepared as an isomeric mixture of 2.4-TDI and 
2,6-TDI. MDI is crystallizable while 2,4-TDI does not crystallize in the solid state. Other aromatic 
diisocyanates, such as naphthalene diisocyanate (NDI) and 3,3' bitoluene diisocyanate ^ODI) ^so 
can result in high-performance polymers, but at a higher cost than MDI based materials. Typical 
aliphatic isocyanates include 1,6-hexane diisocyanate (HDI), isophorone diisocyanate (IPDI), and 
methylene bis (p-cyclohexyl isocyanate) (Hi^MDI). Because aromatic diisocyanates and polymers 
made from them are somewhat unstable toward light and become yellow with time, aliphatic 
isocyanates have found wider use in coating applications, than aromatic containing materials. In 
addition to greater light stability, polyurethanes based on aliphatic isocyanates possess increased 
resistance to hydrolysis and thermal degradation. Unfortunately, this is sometimes accompanied by 
a decrease in the mechanical properties of the material. The chemical structures of commonly used 
diisocyanates used in polyurethane synthesis are shown below, in Figure 14. 

B. Polyols 

Polyols available for elastomer synthesis include polyesters, polyethers, polycarbonates, hydrocar- 
bons and polydimethylsiloxanes. The most commonly used polyols are polyether or polyester based 
compounds of molecular weight 400-5000. Primary alcohols will react readily with isocyanates at 
temperatures of 25-50°C. Secondary and tertiary alcohols are less reactive than primary alcohols 
by factors of 0-.3 and 0.005 respectively. The flexible polyol comprises the soft segment matrix in 
which the hard segments are dispersed. Commonly used polyols are shown in Figure 15. 

Traditionally, polyurethanes have been produced with polyester and polyether soft segments. 
Polyurethanes synthesized from polyesters possess relatively good physical properties; however, 
they are susceptible to hydrolytic cleavage of the ester linkage. Polyether-based polyurethanes 
exhibit a relatively high resistance to hydrolytic cleavage, when compared with polyester urethanes, 
and are favored for use in appUcations- where hydrolytic stabiUty is required. The polyether that 
results in a polyurethane with the best physical properties is polytetramethylene oxide (PTMO or 
PTMEG). Urethanes prepared with this soft segment show a level of mechanical strength compa- 
rable to that of polyester polyurethanes and possess relatively good hydrolytic stability and water 
resistance.^* Polyethylene oxide-based materials swell in water due to the hydropl^c nature of the 
soft segments. Polypropylene oxide-based polyurethanes offer greater hydrolytic resistance, but 
possess lower physical properties. When environmental stability is a major concern, polyalkyl 
glycols offer an alternative to the relatively less stable polyether and polyester polyurethanes. 

Hydrogenated polybutadiene and polyisobutylene-based polyurethanes show exceUent resis- 
tance to light and thermal degradation and hydrolysis.^^“ Unfortunately, the synthesis of these 
materials is difficult, and the physical properties of the resulting polymers are poor relative to those 
of conventional polyurethanes. The use of polydimethylsiloxane glycol (PDMS) ^ a soft segment 
leads to polyurethanes with improved low-temperature properties. The glass transition temperature 
of PDMS is about -123®C which allows the use of these materials at low temperatures. 



C. Chain Extenders 

Chain extenders can be categorized into two general classes of aromatic diols and diamines, md 
the corresponding aliphatic diols and diamines. In general, aliphatic chain extenders yield softer 
materials than aromatic chain extenders. Commonly used chain extenders are shown m Figure l^ 
Chain extenders are used to extend the length of the hard segment, and increase the hydrogen-bond 
density and the molecular weight of the polyurethane. Triftinctional or higher chain extenders also 
act as branching or crosslinking agents. The reaction of equimolar quantities of macroglycol and 
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in some instances. Other less common dibasic acids, as well as other diols, have been employed 
including azelaic and sebacic acids and certain aromatic ^d cycloaliphatic diols. 

In recent years, low-cost aromatic polyester polyols have b^n employed for the modification 
of both rigid urethane and isocyanurate foams. The major sources for these aromatic polyester 
polyols are residues from the dimethylterephthalaie scrap (e.g., from PET bottles) and phthalic 
acid and its derivatives. 

Unsaturated Polyesters Alkyd-type unsaturated polyesters were among the first polyols 
to be used in the preparation of rigid foams, as well as for the preparation of air-drying 
‘‘uralkyd" or “urethane oils" type of coatings. Unsaturated polyester resins, after conver- 
sion into PU resins or combined with PUs, can be cross-linked with vinyl monomers such 
as styrene to find application in reinforced plastics applications (e.g., in combination with 
glass fibers). 

Polyesters Derived from z-Caprolactone (Polycaprolactones) These polyesters are pre- 
pared by ring opening polymerization of e-caprolactone with glycols or triols to yield either 
diftinctional or trifunctional hydroxyl -containing poly(caprolactone)s. These materials are of 
special interest in polyurethane elastomers, microcellular foams, coatings, and adhesives. 

Hydroxyl-Terminated Polycarbonates Hydroxyl-terminated aliphatic polycarbonates pro- 
duced from diols, such as 1,6-hexanediol or cycloaliphatic diols and phosgene, or by trans- 
esterification of carbonic acid diesters with a diol have been commercially available. These 
polyols have found applications in high-performance elastomers, coatings, and adhesives, 

2. Poly ethers 

These polyols are the most widely used hydroxyl-terminated intermediates for flexible and rigid 
foams, elastomers. RIM, coatings, adhesives, sealants, and other urethane applications. The lowest 
cost polyether polyols are produced by anionic polymerization of alkylene oxides, primarily pro- 
pylene and ethylene oxide, using diols, triols,' or higher functional-based polyols for the oxy- 
alkylation process. Since it is desirable to have hydrophobic properties for most urethane appli- 
cations, propylene oxide is often used alone or in combination with ethylene pxide (generally less 
than 15%). The use of ethylene oxide, in general, is to provide terminal primary hydroxyl groups 
for faster reaction with the isocyanate groups. This is particularly important for fast demolding 
of foams or for RIM applications. 

There are many ways of distributing the oxypropylene and oxyethylene groups in the forma- 
tion of polyether polyols made from both propylene and ethylene oxide. The polymers can be 
random or block or combinations of both with either preponderantly terminal primary or second- 
ary alcohol groups. 

In the past, the preparation of high molecular weight polyols based on propylene oxide em- 
ploying an alkali metal catalyst such as KOH was difficult due to the formation of terminal un- 
saturated groups. A new approach for producing high molecular weight poly ether polyols with 
exceptionally low levels of unsaturation and exhibiting narrow molecular weight distribution was 
first developed by General Tire and later licensed by ARCO Chemical Co. (22-24). The preferred 
complex catalyst is a zinc hexacyanocobaltoate of the following formula: 

Zn[Co(CN)j 2 X ZnCl 2 y glyme. 2HjO 

Due to the absence of significant side reactions in the propoxylation step, the molecular weights 
of the resultant polyols are very close to the theoretical values. The polyols have exhibited better 
physical properties in elastomers and foams than conventional polyols of the same molecular weight 
due to the lower mono! content. 

Poly(oxyethylene) glycols (PEGs) are produced using only ethylene oxide in the oxyalkylation 
process. The resulting PEGs are used for the production of hydrophilic urethane polymers, in- 
cluding foams, and o^er urethane applications where high water absorption or controlled release 
of drugs, cosmetics, detergents, etc., are desired. 

In addition to glycols as base polyols for the production of polyether polyols, triols (e.g., glyc- 
erol, trimethylolpropane, 1,2,6-hexanetriol), tetrob (pentaerytWtol and a-methyl glucoside), 
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